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2. Main goals of the project, as outlined in the funded proposal

Apply and extend methods (including trend extrapolation, quantification of forecast
information gain and over- or under-confidence, and different approaches to probability
distribution estimation and model weighting) for quantifying and improving seasonal
forecast skill with NMME, to provide usable probability forecasts and with diagnostic outputs
for model improvement. Key work plan elements included:

e Optimal trend estimation

e Optimal combination of models and ensemble members

e Construction of probability forecasts from ensembles

e Algorithms for probabilistic prediction.

3. Results and accomplishments

Results and accomplishments have included:

1) Published a paper on development and evaluation of probabilistic temperature forecasts
using CFS-v2 hindcasts, where we focused on the ability of regression-based methods to
better account for warming trends and to correct ensemble under-dispersion [1].

2) Published a paper in the Climate Dynamics NMME special issue [2] evaluating the skill of
NMME-based probabilistic monthly temperature forecasts using different processing
schemes to correct for biases and misrepresented trends. Special attention was paid to
conditional skill under extreme temperatures. It was found that mean skill of NMME-based
forecasts for future months was modest over most land areas, but conditional skill was much
better for extreme conditions, particularly in warmer seasons and climates. This suggests that
NMME could be valuable in providing early warning of heightened risk for damaging
extremes.

3) Published a peer-reviewed software meta-paper [3] on the open-source SeFo collection of
scripts developed to produce and verify seasonal forecasts from NMME output. Since this
publication, SeFo has been extended in its repository [4] to include routines for transforming



non-normally distributed variables such as precipitation and generating forecasts of the
transformed quantities, as well as implementing additional diagnostics such as an analytic
expression for the continuous rank probability skill score of forecast t distributions.

4) An application of the developed forecast methods to probabilistic forecasts of record
exceedances was presented at the NMME/SubX Science Meeting held at the NOAA Center for
Weather and Climate Prediction on September 2017.

5) Optimal trend estimation methods were applied for evaluation of trends in annual
minimum temperatures, with implications to agronomy and invasion biology [5].

6) The renewal of the CREST Cooperative Institute [6] at CCNY includes follow-up work on
drought prediction to be led by the Pl as a component of the science plan. Hydrological
prediction for a basin in Nepal will also take place as part of a new High Mountain Asia award
to CCNY by NASA ROSES. Grant applications to MAPP for evaluating machine learning
methods for improved probabilistic prediction of drought indices and monsoon predictions
were submitted and turned down.

7) Work was conducted on variability and potential seasonal predictability of energy supply
and demand (particularly wind and solar resources) as a way of potentially applying
processed NMME outputs to a growing economic sector, with a presentation at the SOLAR
2016 conference as well as a published case study on “wind drought” [7] and a global-scale
study [8].

8) Other related work included assessment of climate model simulation of trends due to
irrigation forcing [9], studies of historic and projected precipitation change patterns and
simulated implications for reservoir reliability [10, 11] and streamflow probability distribution
[12], and evaluation of machine learning for estimating the water table depth field and its
dependence on climate from sparse measurements [13, 14].
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4. Highlights of Accomplishments

e A paper in the Climate Dynamics NMME special issue evaluated the skill of NMME-
based probabilistic monthly temperature forecasts using different processing schemes
to correct for biases and misrepresented trends. It was found that mean skill of NMME-
based forecasts for future months was modest over most land areas, but conditional
skill was much better for extreme and record conditions, particularly in warmer
seasons and climates. This suggests that NMME could be valuable in providing early
warning of heightened risk for damaging extremes.

e A peer-reviewed software meta-paper described the developed open-source SeFo
collection of scripts developed to produce and verify seasonal forecasts from NMME
output. SeFo is freely available on BitBucket, and has been extended to include
routines for transforming non-normally distributed variables such as precipitation and
generating forecasts of the transformed quantities, as well as implementing additional
diagnostics such as an analytic expression for the continuous rank probability skill
score of forecast t distributions.

e Funding was obtained for future applications of the developed methods for seasonal
forecasts for drought prediction in the USA and hydrological forecasting in the
Himalayas.

5. Transitions to Applications
None.
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8. Budget for Coming Year

N/A
9. Future Work

Follow-on work under other projects will include extending the software and methodology
developed to probabilistic forecasting of other variables (such as precipitation and
windspeed) and potentially to various operational settings. Opportunities will be sought to
conduct comparisons of the developed forecast methods with operational NCEP forecasts
and to work with NOAA scientists to transition the advances made to operational
applications.



